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- stack up of part, 
- assemblies with clearances

Mechanical assemblies:
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The modal parameterization 
of form deviations
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Modal parameterization

• Creation of a basis  of  elementary shape deviation:
– Based on the nominal geometry (CAD model),
– Created by the modal vibration behaviour of the model,

• Properties of this approach:
– Applicable on all kind of geometry (profile, surface, …),
– Provides elementary form deviations with growing complexity, 

Vibration modesRigid modes
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Modal parameterization

λi = <V.Qi>

UndulationFormPosition

Reconstruction
Decomposition
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Modal parameterization and GPS criterion
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Modal parameterization and GPS criterion
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Modal parameterization and GPS criterion

S
L A

S = Strength : GPS définition
L A = Localisation of the Associated 

geometry : GPS définition applied to 
the associated geometry
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Influence of form deviations 
in parts stack up
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Assembly and form deviations
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Assembly of rigid deviations only 
(without form deviations)

13



IPAS 2010 – February 2010 – ADRAGNA P.-A. -13-

Assembly of rigid deviations only 
(without form deviations)

13



IPAS 2010 – February 2010 – ADRAGNA P.-A. -13-

Assembly of rigid deviations only 
(without form deviations)

intersection

13



IPAS 2010 – February 2010 – ADRAGNA P.-A. -13-

Assembly of rigid deviations only 
(without form deviations)

intersection

ty

rz

13



IPAS 2010 – February 2010 – ADRAGNA P.-A. -13-

Assembly of rigid deviations only 
(without form deviations)

intersection

At the functional 
requirement

ty

rz

ty

rz

13



IPAS 2010 – February 2010 – ADRAGNA P.-A. -14-

Assembly of form deviations only 
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Assembly of form deviations only 
(without rigid deviations)

convexe associé
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Assembly of rigid and form deviations 
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Influence of form deviations 
in clearance linkage
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Clearance and form deviations
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Clearance and form deviations
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 2 positioning
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2 MIP

Clearance and form deviations
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Assembly rates and GPS criterion

22%

27%

55%
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Conclusion

• The modal parameterization :
– describes the shape deviations, 
– filters roughness, 

• The assembling approach:
– no undetermined position, 
– no optimization approach, 

• To extend on 3D cases with clearance,
• Apply to other type of geometry,
• Has to be compared to experiments,

Prospects
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